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Abstract— Cement is commonly used for soil stabilization and 
many other ground improvement techniques. The use in 
combination with carbide waste is needed to be investigated to 
obtain an optimum mixture design. The compressive and split 
tensile strength tests were carried out in this present study. The 
quantities of cement was replaced various with carbide waste 
from 0% to 100%. The investigation results show that cement 
was superior material to enhance the compressive strength of 
clay. In contrast, carbide waste alone cannot improve 
significantly the clay soil. Replacing the cement content with 
carbide waste decreases the compressive strength. 
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I. INTRODUCTION 
Cement is most common stabilizing material that has been 
used in many ground improvement work. However, in recent 
years, the utilization of waste materials as an admixture in 
construction materials and soil improvement to minimize 
adverse effects on the environment has received considerable 
attention. A number of waste materials have properties that 
allow utilization in construction materials either as structural 
component. Suitable waste materials and construction debris 
are normally disposed in landfills. Reuse in construction has 
several benefits, including reduction in solid waste disposal 
costs incurred by industry, reduction in landfill requirements, 
minimization of damage to natural resources caused by 
excavating earthen materials for construction, obtaining added 
value from waste materials, conservation of production energy, 
and ultimately providing sustainable construction and 
economic growth [1]. 
Carbide waste contains calcium material which is by-
product from production of acetylene gas (C2H2). The waste is 
generated as an aqueous slurry and is composed essentially by 
85–95% of calcium hydroxide (Ca(OH)2) with minor parts of 
calcium carbonate (CaCO3 Ĭ 1̢10%), unreacted carbon and 
silicates (1 ̢ 3%) [2-3]. In general, calcium hydroxide 
(Ca(OH)2) of carbide waste is obtained from the reaction 
between water and calcium carbide (CaC2) as  
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The carbide wastes from producing acetylene gas are 
normally disposed of by landfilling, which may create further 
problems, i.e. the leaching of harmful compounds and alkali to 
groundwater. The carbide waste in its form or recycled has 
been utilized for agricultural purposes, sewage and water 
treatments and in several industrial processes[2], application 
of the waste as a building material, asphaltic paving mixes and 
in cement–lime mortars [4-6]. Cement in one form or another 
has been the most widely used stabilization agent for clay and 
sandy soil. Fewer studies were conducted on the utilization of 
carbide waste for soil stabilization. However, carbide-lime 
residue replaced cement to stabilize clay has been promoted 
for soil stabilization in combination with other chemical agent 
such as fly ash and granulated blast-furnace slag [7,8]. The 
research results show that cement and GGBFS content play 
significant roles for the early strength and long-term strength 
of stabilized soil, respectively; whereas carbide lime 
controlled the initial stages of strength gain. It was the 
purpose of this research to define the effectiveness of carbide 
waste and portland cement mixture for soil stabilization. 
Variables evaluated included compressive strength and a 
range of curing times. 
II. INVESTIGATION METHODS 
A. Materials 
Materials used in this experimental program consisted of 
carbide waste assigned as CW, portland cement Type I (PC), 
and black-clay soil. The soils were taken from Kasihan, 
Yogyakarta, Indonesia. The geotechnical properties of the soil 
are presented in Table 1. The grain size distribution curve of 
the soil is shown in Figure I. According to the Unified Soil 
Classification System [9](ASTM D 2487), the soil specimen 
was classified as high plasticity clay CH. 
The Portland cement was obtained from locally available 
cement supplier of Portland Cement Composite (PCC). The 
chemical composition of PC is presented in Table II. The CW 
was collected from the disposal area of electroplating industry 
in Sedayu, Yogyakarta, Indonesia. The collected CW was in 
the dry form. To prepare CW used in this study, the CW was 
sun-dried for 2–3 days to reduce its high moisture content, and 
then dried at 105oC for 24 hours in an electrical oven and later 
ground in the Los Angeles Abrasion machine for 2 hours to 
provide acceptable fineness. The chemical properties of the 
CW were determined by X-ray fluorescence (XRF) 
spectrometry test. The CW is predominantly consisted of CaO, 
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Al2O3, and SiO2 and minor metallic oxides (Fe, Na, K, Mg, 
Mn) are all lower than 0.25%. 
 
TABLE I.  INDEX AND GEOTECHNICAL PROPERTIES OF THE SOIL USED 
Properties Value 
Specific gravity 2.63 
Grain size:  
   Sand 11% 
   Silt 42% 
   Clay 47% 
Consistency limits:  
   Liquid limit 69.8% 
   Plastic limit 30.8% 
   Plasticity index 39.0% 
Soil Classification CH (USCS); A-7-5 
(AASHTO) 
Compaction (Standard Proctor):  
   Maximum dry density 11.05 kN/m3 
   Optimum moisture content 28% 
Natural moisture content 10-70% 
Unconfined compressive strength 32 kPa 
Split-tensile strength 3.26 kPa 
Consolidation behavior Normally Consolidated clay 
Swelling index 0.078 
Mineral Montmorillonite 
 
TABLE III. CHEMICAL COMPOSITION OF THE CEMENT AND CARBIDE WASTE 
DETERMINED BY ATOMIC ABSORPTION METHOD 
Elements Cement (%) Carbide Waste (%) 
Al2O3 5.80 8.8 
CaO 63.9 57.40 
Fe2O3 3.40 0.11 
MgO 1.10 0.098 
Na2O 0.20 0.012 
K2O 0.30 0.03 
MnO 0.002 0.0004 
SiO2 20.4 3.40 
SO3 1.98 0.10 
Loss on Ignition (LOI) 2.90 30.05 
 
 
Fig. 2.  Grain size distribution of the soil sample 
 
B. Experimental Program 
Series of laboratory testing program was undertaken to 
evaluate the influence of mixture proportion of carbide waste 
and cement for soil stabilization. Two main laboratory testing 
were conducted that are unconfined compressive strength and 
split-tensile strength tests. Cylindrical specimens were used 
for those tests. The specimen size was designed as 50 mm in 
diameter by 100 mm in length. To study the influence of 
curing time, the specimens were moist-cured after molded for 
1, 7, 14, and 28 days. All specimens were prepared at the 
same density and water content by means static compaction to 
control the effect of density and moisture on the strength. 
Quantities of cement and carbide waste for stabilization is 
presented in Table III. The amount of cement required for 
stabilization was determined from relationship between the 
plasticity index and various cement content. In this study, the 
cement content was 10% of dry weight of soil. 
 
C. Specimen Preparation and Testing Procedure 
All the specimens were prepared to a desired MDD (γd = 
11.05 kN/m3) and OMC (wc = 28%) by static compaction 
method. For untreated soil, an amount dry soil was prepared 
and mixed with water. For the cement-stabilized soil, the 
weight of cement was 10% from the dry weight of soil. For 
cement – carbide waste mixture, the quantities of cement was 
reduced accordingly based on the ratio as presented in Table 3. 
After weighing all the materials in dry conditions, 
predetermine amount of cement and/or carbide waste was 
prepared first in dry mixture, and then amounts of soil were 
dry mixed in a mixer, followed by the addition of water and 
further mixing to achieve a fairly uniform mixture. The known 
amount of bulk soil mixtures was placed into cylindrical-
splitting mould. The assembled mould was then placed on 
hydraulic jack and a force was applied until the upper plug 
was in contact with the barrel of the mould. The specimen was 
dismantled from the mould. The mass of specimen was 
determined immediately after preparation and then kept in a 
plastic bag for particular days of curing. 
 




1 7 14 28 
Untreated Soil Soil  ⊗ ⊗ ⊗ 
Soil + 10% PC PC     
Soil + 5% PC + 5% CW CC5050     
Soil + 10% CW CCW     
 : tested; ⊗ : not-tested; PC = portland cement; CW : 
carbide waste 
 
The unconfined compression test was carried out in 
accordance with ASTM D5102 standards [10]. After the 
curing periods and before testing, the mass and dimension of 
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specimen are recorded. The unconfined compression tests 
were performed on a 50 kN universal-testing machine. The 
force was applied so that the loading rate was approximate 1 
mm/minute. The load was applied gradually until the 
specimen undergoes failure. The deformation of specimen at 
certain load was recorded, and the maximum load at failure 
was noted.  
 
III. RESULTS AND DISCUSSION 
The variation of unconfined compressive strength with the 
variation of cement and carbide is illustrated in Figure 2. 
Cement stabilized clay enhance considerably the unconfined 
compressive strength of clay from 32 kPa to 400 kPa and 3 
MPa after 1 and 28 days of curing. Reducing cement portion 
in cement – carbide waste and soil system result in decreasing 
the unconfined compressive strength. But, the unconfined 
compressive strength of carbide waste mixed clay solely is 
slightly high than the unstabilized clay. The Indonesian 
standard SNI 03-3438-1994 [11] for cement stabilized road 
required a specific strength after 7 and 28 days of mixing. 
After seven days of mixing, the required unconfined 
compressive strength are 0.6 MPa and 2.2 MPa respectively as 
subgrade and base course, and after 28 days are 1.4 MPa and 
3.5 MPa respectively as subgrade and base course. The result 
indicates that the carbide waste alone cannot be superior 
admixture for subgrade improvement and its content should be 






































Fig. 2 Variation of unconfined compressive strength with the variation of 
cement and carbide mixtures. 
 
Figure 2 also shows the change of unconfined compressive 
strength with curing period for the specimens tested. As 
expected the compressive and tensile strength of stabilized 
soil with cement and cement-carbide waste mixtures gradually 
increased with curing age. The strength developed faster from 
early age to seven days of curing. After 14 days of curing, the 
strength rate developed slightly. The rate of increase depended 
upon the level of cement replacement and age. Figure 2 shows 
that the compressive strengths of cement-carbide waste 
specimen at 1 day were very low and in the range of 0.38 to 
1.15 MPa while that of PC specimen was 1.19 MPa. At the 
age of 28 days, the unconfined compressive strength of 
cement-carbide waste specimen increased to 0.59 to 2.36 MPa 
depending on the mix proportion of cement and carbide waste. 
The 28 days strength for carbide waste mix was 0.67 MPa and 
1.09 MPa for cement mix. Cement stabilized soil still gave the 
highest compressive strength among the mixtures.  
 
IV. CONCLUSION 
Improvement of subgrade by using waste materials is 
important to provide significant construction cost saving. A 
laboratory study was conducted to investigate the feasibility of 
reusing chemically stabilized road surface material in 
construction of highway bases. Cement was activated replaced 
partially with calcium carbide waste and used to stabilize clay 
subgrade. The effects of mixtures composition, and curing 
time on compressive and tensile strength of soil were studied. 
The observations are summarized that the addition of carbide 
waste in cement-soil stabilization generally caused a reduction 
in compressive when compared with the cement mixed soil. 
However, the results obtained satisfy the minimum 
requirements of strength specified by Indonesian Standards 
SNI 03-3438-1994 for cement-stabilized subgrade. Replacing 
cement content greater than the limit, hence the stabilized soil 
was not suitable for subgrade 
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